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Abstract
Introduction: Several studies have shown a proximal shift of colorectal cancer (CRC) during the last decades. However,
few have analyzed the changing distribution of adenomas over time.
Aim: The aim of this study was to compare the site and the characteristics of colorectal adenomas, in a single center, during
two periods.
Methods: We conducted a retrospective, observational study in a single hospital of adenomas removed during a total
colonoscopy in two one-year periods: 2003 (period 1) and 2012 (period 2).
Patients with inflammatory bowel disease, familial adenomatous polyposis, hereditary non-polyposis colorectal cancer
syndrome, or history of CRC were excluded from the study.
The 2 statistical test was performed.
P values less than 0.05 were considered statistically significant.
Results: During the two considered periods, a total of 864 adenomas from 2394 complete colonoscopies were analyzed: 333
adenomas from 998 colonoscopies during period 1 and 531 adenomas from 1396 colonoscopies during period 2.
There was a significant increase in the proportion of adenomatous polyps in the proximal colon from period 1 to 2 (30.6% to
38.8% (p¼ 0.015)).
Comparing the advanced features of adenomas between the two periods, it was noted that in period 2, the number of
adenomas with size 1 cm (p¼ 0.001), high-grade dysplasia (p¼ 0.001), and villous features (p< 0.0001) had a significant
increase compared to period 1.
Conclusion: Incidence of adenomatous polyps in the proximal colon as well as adenomas with advanced features has
increased in the last years. This finding may have important implications regarding methods of CRC screening.
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What does this paper add to the literature?
In this study we observed a signiﬁcant trend in the
increase of right colorectal adenomatous polyps as
well as adenomas with advanced features in the last
years. We believe this ﬁnding may have important
implications regarding methods of colorectal cancer
(CRC) screening.
Background and aims
CRC is the second most common cancer in women and
the third in men worldwide. According to the World
Health Organization GLOBOCAN database, in 2008
approximately 1.2 million new cases of CRC were
diagnosed and 608,000 people died of CRC.1
Most cases of CRC are sporadic and develop slowly
over several years through the adenoma-carcinoma
sequence.2
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For this reason, detecting and removing adenomas
will interrupt this sequence and may actually reduce the
development and incidence of CRC.3–7
In the last decade, the literature has reported a
change in the topographic distribution of CRC, consist-
ing of a lesion shift toward the proximal sector of the
colon.8–12
Right-sided colon cancer represents a great challenge
for physicians because of the inherent technical limita-
tions of endoscopy screening strategies.13 Indeed, a
higher incidence of proximal cancers would tend to
reduce the protective eﬀect of sigmoidoscopy, favoring
total colonoscopy as the method of choice.14
Only a few studies have addressed the possible
changes in the location of polyps over time, although
some have described a possible proximal shift.15–17
The purpose of this study was to compare the topo-
graphic distribution of colorectal adenomas in a single
center during two distinct periods of time in order to
assess the occurrence of a trend to a proximal shift.
Advanced features (1 cm in diameter, high-grade dys-
plasia, and villous histology) were also compared
between the two periods.
Methods
We performed a retrospective, observational study of
adenomas removed during a total colonoscopy in a
single center (Prof Doutor Fernando Fonseca
Hospital, Amadora, Portugal) in two one-year periods
of time: 2003 (period 1) and 2012 (period 2).
The data were collected from medical records, pro-
cedure reports and pathology reports.
The age and gender of the patients were recorded as
well as the location, histology, morphology and dimen-
sions of adenomas.
For discrimination between the proximal and distal
colon, the boundary was situated at the juncture of the
splenic ﬂexure, as described in previous studies.13,18
All exams were performed by certiﬁed gastroenter-
ologists using standard endoscopic equipment.
Colonoscopes used (in 2003 and 2012) were CF-
Q160AL, Olympus Optical Co., Tokyo, Japan.
Additional technologies such as narrow band imaging
were not used.
Only colonoscopies reaching the cecum were con-
sidered. Incomplete colonoscopies for any reason,
namely inadequate bowel cleansing, intolerance, or tor-
tuous colon, were excluded.
For all the colonoscopies, the quality of colon
cleansing was adequate to allow a complete endoscopic
evaluation of the colon.
Bowel preparation regimen was similar in the two
periods: Four liters of polyethylene glycol (PEG) solu-
tion was used in 2003 and 2012.
Sedation using intravenous midazolam (performed
by a gastroenterologist) or intravenous propofol
(performed by an anesthesiologist) was administered
on a case-to-case basis.
Solely patients with sporadic polyps were included.
Patients who met the criteria for hereditary non-
polyposis CRC syndrome or familial adenomatous
polyposis or with past personal history of CRC were
excluded from the study.
Patients with inﬂammatory bowel disease (Crohn’s
disease or ulcerative colitis) were also excluded.
Statistical analysis
For continuous variables, we used the Kolmogorov-
Smirnov test to assess normality. For normal variables,
means and standard deviations were reported. For non-
normal data, medians and interquartile ranges were
reported.
2 test was used to assess the diﬀerences between the
two periods.
Independent-sample t-test was used to assess for dif-
ferences between the means in two periods.
P values less than 0.05 were considered statistically
signiﬁcant.
Statistical analysis was performed using SPSS
version 20.0.
Results
During the two periods considered, 2653 colonoscopies
were performed: 1111 colonoscopies during period
1 and 1542 colonoscopies during period 2. Exclusion
of 259 examinations (as depicted in the study ﬂow dia-
gram represented in Figure 1) resulted in 2394 complete
colonoscopies. A total of 864 adenomas were analyzed:
333 adenomas from 998 colonoscopies during period
1 and 531 adenomas from 1396 colonoscopies during
period 2.
Adenomas were more frequently found in males
than in females (66.3% in period 1 and 61.9% in
period 2), but with no signiﬁcant diﬀerence between
period 1 and 2 (p¼ns).
Median age at adenoma detection was greater in
period 2 (67 years versus 64 years) with a statistically
signiﬁcant diﬀerence (p¼ 0.001) (Table 1).
As depicted in Figure 2, the incidence of proximal
adenomas increased from 30.6% to 38.8% (p¼ 0.015)
from period 1 to period 2.
Through the analysis of each segment separately,
concerning proximal adenomas, there was an increase
in the ascending colon (from 6.6% to 12.8%) and in the
transverse colon (from 13.5% to 20.9%) and a decrease
in the cecum (from 10.5% to 5.3%).
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Regarding the distal colon, there was a reduction in
adenomas in the descending colon (from 14.7% to
5.5%) and a slight increase in the sigmoid colon
(from 36.6% to 37.9%). In the rectum, the percentage
of adenomas was similar in the two periods (18% and
17.7%, period 1 and period 2, respectively).
The advanced features of adenomas (size 1 cm,
high-grade dysplasia, and villous features) were also
analyzed. There was an increase in the number of aden-
omas with size 1 cm (from 10.8% to 19.8%, p¼ 0.001)
from period 1 to 2. Regarding histologic features, there
was an increase in high-grade dysplasia (from 9.6% to
18.1%, p¼ 0.001), and villous features (from 11.4% to
30.0%, p< 0.0001) from period 1 to 2.
Discussion
In recent years, screening strategies for prevention of
CRC by identiﬁcation and removal of adenomatous
polyps (precancerous lesions that may evolve to CRC)
have been implemented.
Despite this eﬀort, CRC is the second leading cause
of cancer-related death in Europe.1
The United States Preventive Services Task Force
recommends screening of colorectal cancer in a
standard population of adults between the ages of 50
and 75 years using any of the following three regimens:
annual high-sensitivity fecal occult blood testing, sig-
moidoscopy every ﬁve years combined with high-sensi-
tivity fecal occult blood testing every three years, and
screening colonoscopy at intervals of 10 years.19
Recent data from diﬀerent studies report modiﬁca-
tions as to the topographic distribution of CRCs, con-
sisting of proximalization of these lesions.9,20,21 This
fact may favor colonoscopy over sigmoidoscopy as a
screening method.
Explanations for proximal shifting of colorectal
adenomas are not clear: There may be a true increase
in incidence in right-sided lesions (namely due to diﬀer-
ent genetic pathways of carcinogenesis between left and
right locations22,23) or adenoma detection rate may
have improved due to implementation of various qual-
ity-assessment indicators during colonoscopy24,25
(adenoma detection rate, recommended screening and
surveillance intervals, adequate withdrawal times, and
appropriate cecal intubation rates with photographic
documentation24).
This study retrospectively evaluated the diﬀerences
in the site distribution of colorectal adenomas between
two periods over a period of nine years—2003
(period 1) and 2012 (period 2)—through analysis of
endoscopic and pathology reports in a single center.
We observed a proximal shift in adenomas between
periods 1 and 2.
Our results are in line with the results reported by
Park et al. In their study, they reviewed medical records
of patients who underwent a colonoscopy at a Korean
Hospital between January 1996 and December 2005
and reported a signiﬁcant increase in the proportion
of adenomatous polyps on the proximal colon from
48.9% to 62.3% (p< 0.001).16
Fenoglio and colleagues also showed a signiﬁcant
increase in proximal adenomas between the ﬁrst
(1997–2001) and the second period (2002–2006), with
19.2% and 26%, respectively.14 In the study performed
998 total colonoscopies were
eligible for assessment of adenoma
1396 total colonoscopies were
eligible for assessment of adenoma
1542 colonoscopies1111 colonoscopies
2003 2012
113 were excluded:
66 because were incomplete colonoscopies
29 due to personal history of CRC
17 due to inflammatory bowel disease
146 were excluded:
93 because were incomplete colonoscopies
29 due to personal history of CRC
24 due to inflammatory bowel disease
1 due to hereditary non-polyposis colorectal cancer syndrome
Figure 1. Colonoscopic examinations performed during the two periods.
CRC: colorectal cancer.
Table 1. Population general characteristics
Period 1 Period 2 p value
Number of patients 187 362
Male 124 (66.3) 224 (61.9) 0.30 CI 95%
(0.04–0.13)
Female 63 (33.7) 138 (38.1)
Age (years) 64 (56–73) 67 (59–74) 0.001 CI 95%
(1.3–5.2)
Total number
of adenomas
333 531
n (%), median (IQR)
n: frequency; IQR: interquartile range; CI: confidence interval.
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by Corleto et al., a proximal shift for polyps was
observed, particularly in males (odds ratio (OR) 1.87,
95% conﬁdence interval (CI): 1.23–2.87; p< 0.0038)
between period A (from 1989 to 1993) and B (2003 to
2007). However, no statistically signiﬁcant diﬀerences
in the overall number of adenomas were observed
between the two periods.13
In our study, we also compared advanced colorectal
adenomas between 2003 and 2012, observing an
increased incidence in all features analyzed (1 cm in
diameter, high-grade dysplasia, and villous histology)
between these two periods.
Similar results were observed by Fenoglio et al., who
reported an increased prevalence from 6.6% in the ﬁrst
period to 9.5% in the second period (OR: 1.48; 95%
CI: 1.02–2.17) considering only advanced adenomas.14
On the contrary, Kiedrowski et al. reported similar
results between the two periods analyzed (1981–1994
and 2000–2004).26
Regarding polyp size, Corleto et al. found a statis-
tically signiﬁcant increase in the percentages of polyps
of 10–19mm in size from 10.3% to 15.1% (but they did
not diﬀerentiate hyperplastic polyps from adenomas).13
Concerning histopathological pattern, their results
diverge from ours as they reported increased frequency
in adenomas with mild/moderate dysplasia in the
proximal colon from period A to B, 21.8% to 41.2%
(p< 0.001), respectively, whereas adenomas with severe
dysplasia decreased from 37% to 23%, which was not
statistically signiﬁcant. However, histopathology data
were not available for all polyps (data were available
for 63.3% and 89.5% of polyps in period A and B,
respectively).13
There are some limitations to our study that warrant
consideration, namely the fact that it was conducted at
only one hospital, which may limit the generalization of
the data collected. In addition, all patients referred for
colonoscopic examination had symptoms or family his-
tory of CCR. For this reason, the two patient groups in
our study do not represent the normal screening popu-
lation. In a healthy population, the topographic distri-
bution of colon adenomas may be diﬀerent from the
patients in our study.
Nonetheless, even not knowing the causes of prox-
imal shift in precancerous lesions, this retrospective
study conﬁrms, bearing in mind the aforementioned
limitations, an increase in right adenomas over time.
This ﬁnding entails important implications regarding
methods of CRC screening. Sigmoidoscopy, one of the
methods recommended for CRC,19 would not detect
those adenomas. Adenomas in the right colon are
solely accessible at colonoscopy. Indeed, we do think
screening strategies should address the whole colon,
leaving the methods that evaluate only a part of the
colon to speciﬁc situations.
Conclusion
In conclusion, in our study there was a signiﬁcant trend
in the increase of proximal colorectal adenomatous
polyps in the last years as well as adenomas with
advanced features. This ﬁnding may have important
implications regarding methods of CRC screening.
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